THE ASSOCIATION of anemia with primary hypothyroidism is well known [1, 2] since the prevalence of anemia in patients with hypothyroidism has been shown to be high (20-60%) [3] . Hypothyroidism is much more frequently observed in women than men [4] , in the former particularly between puberty and menopause [5] , while the prevalence of anemia is also known to be higher for women than men [6] since menstruation is an acknowledged cause of anemia in women. In fact, previous studies reported that the higher percentage of anemia among women with hypothyroidism might be linked to menorrhagia [2, 3] . Therefore, the evidence of the association between thyroid function and anemia was limited since the study populations included Endocrine Journal 2013, 60 (9), [1029][1030][1031][1032][1033][1034] Free thyroxine (FT4) and anemia in relation to drinking status of Japanese men: The Nagasaki islands study Abstract. It is well known that hypothyroidism is associated with anemia. It has also been reported that alcohol consumption may affect thyroid function. Furthermore, hemoglobin levels of drinkers are reportedly higher than those of non-drinkers. However, no published study has investigated the association between thyroid function evaluated with the free thyroxine (FT4) test and anemia while taking drinking status into account. We conducted a cross-sectional study of 843 men aged 30-89 years undergoing general health checks. While no significant associations were noted between FT4 and anemia for total subjects, when the analysis was limited to non-drinkers, a significant association was observed. After adjustment for classical cardiovascular risk factors and thyroid stimulating hormones (TSH), adjusted odds ratio (OR) and 95% confidence interval (CI) for an increment of 1SD (standard deviation) for FT4 (0.17 ng/dL) for anemia were 0.85 (0.67-1.09) for total subjects, 0.59 (0.41-0.85) for non-drinkers, and 1.23 (0.83-1.83) for drinkers. In conclusion, FT4 is inversely associated with anemia for non-drinking but not for drinking men. However, drinking may act as a confounding factor for this association.
women. Furthermore, previous studies reported that light to moderate alcohol consumption might affect thyroid function [7] and that hemoglobin levels of drinkers were higher than those of non-drinkers [8, 9] . Since the prevalence of drinkers is high among Japanese men [10] , a study to investigate the association between thyroid function and anemia among Japanese men should take drinking status into account. To investigate those associations we conducted a cross-sectional study of Japanese men aged 30-89 years.
Materials and Methods

Subjects
Written consent forms were available in Japanese to ensure comprehensive understanding of the study objectives, and informed consent was signed or confirmed by thumbprint by the participants. This study was approved by the Ethics Committee for Use of Humans of Nagasaki University (project registration Correspondence to: Takahiro Maeda, M.D., Ph.D., Department of Community Medicine, Nagasaki University Graduate School of Biomedical Science, Nagasaki-shi, Sakamoto 1-12-4, Nagasaki 852-8523, Japan. E-mail: simizicyuu@yahoo.co.jp
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©The Japan Endocrine Society by a working group of the Japanese Diabetes Society (JDS): HbA1c (NGSP) = HbA1c (JDS) + 0.4 % [12] . Presence of diabetes was defined as HbA1c (NGSP) ≥ 6.5%, and/or initiation of glucose-lowering medication or insulin therapy [13] . Anemia was defined in accordance with the recommendation by the World Health Organization (WHO) Study Group: hemoglobin <13 g/ dL for men [14] .
Statistical analysis
Differences in age-adjusted mean values or prevalence of potential confounding factors by FT4 tertile were calculated using covariance or general linear models, and logistic regression models were used for calculating odds ratios (OR) and 95% confidence intervals (CI) for the association of anemia with FT4 values. In addition, subjects were stratified by drinking status because alcohol consumption has been associated with thyroid function [7] , and several studies reported that hemoglobin levels of drinkers were higher than those of non-drinkers [8, 9] .
Three different approaches were used for making adjustments for confounding factors. First, the data were adjusted only for age (Model.1). Second, we included other classical cardiovascular risk factors (Model.2), that is, smoking status (never smoker, former smoker, current smoker), alcohol consumption [non-drinker, current light to moderate drinker (1-6 times/week), current heavy drinker (every day)], body mass index (kg/ m 2 ), diabetes mellitus (no, yes), systolic blood pressure (mmHg), antihypertensive medication use (no, yes), serum TG (mg/dL), serum HDL-cholesterol (mg/ dL), serum AST (IU/L), serum γ-GTP (IU/L), and GFR (mL/min/1.73m 2 ). Third, TSH (μIU/mL) was added as the final confounding factor (Model 3).
All statistical analyses were performed with the SAS system for Windows (version 9.3; SAS Inc., Cary, NC). All p-values for statistical tests were two-tailed, and values of <0.05 were regarded as statistically significant.
Results
Of the 843 men enrolled, 91 were diagnosed with anemia (hemoglobin <13g/dL). The mean FT4 value was 1.22 (1SD:0.17) ng/dL and prevalence of drinkers was 48.8%. Table 1 shows age-adjusted characteristics for this study population according to FT4 levels for total subjects and stratified by drinking status. For total subnumber: 0501120073).
The study was conducted during a medical screening program for a general population living in Goto City between 2006 and 2012. The data was collected by the staff of Nagasaki University in cooperation with municipal employees of Goto City.
The survey population included 1,203 men between 30 and 89 years old. A total of 242 individuals with missing data and 118 individuals with a history of cardiovascular disease were excluded, leaving 843 men for enrolment in this study. The mean age of the study population was 66.6 years (±10.3 SD; range 30-89).
Data collection and laboratory measurements
Trained interviewers obtained information on smoking status, drinking status, medical history, use of antihypertensive agents, of medication for diabetes mellitus, and of medication for dyslipidemia.
Height and weight were measured with an automatic body composition analyzer (BF-220; Tanita, Tokyo, Japan) at the time blood was drawn, and body mass index (BMI; kg/m 2 ) was calculated as an index of obesity. Systolic blood pressure and diastolic blood pressure were recorded at rest.
Fasting blood samples were collected in an EDTA-2K tube and a siliconized tube. Samples from the EDTA-2K tube were used for measuring hemoglobin with the sodium lauryl surfate (SLS)-hemoglobin method. Serum was separated and stored at −20 ˚C until assay. Serum concentration of thyroid stimulating hormone (TSH) was determined with a microparticle enzyme immunoassay and FT4 concentration with a microparticle enzyme immunoassay (AxSYM and Architect, respectively; both from Abbott Laboratories, Abbott Park, IL). Serum triglycerides (TG), serum HDL-cholesterol, serum LDLcholesterol, serum aspartate aminotransferase (AST), serum γ-glutamyltranspeptidase (γ-GTP), serum creatinine and HbA1c were measured with standard laboratory procedures.
The glomerular filtration rate (GFR) was estimated with an established method with three variations recently proposed by a working group of the Japanese Chronic Kidney Disease initiative [11] . According to this adaptation, GFR (mL/min/1.73 m 2 ) = 194 × [serum creatinine (enzyme method)] -1.094 × (age) -0.287 . HbA1c as defined by the National Glycohemoglobin Standardization Program (NGSP) was calculated with the following equation, which was recently proposed We also investigated the association between FT4 and anemia stratified by drinking status and detected a significant inverse association for non-drinkers but not for drinkers (Table 4 ). The multivariable ORs (Model 3) for an increment of 1SD for FT4 (0.17 ng/dL) for anemia were 0.59 (0.41-0.85) for non-drinkers and 1.23 (0.83-1.83) for drinkers.
Furthermore, to eliminate the effect of hypothyroidism, we investigated the same associations limited to participants without hypothyroidism (≥1ng/dL) and found they were essentially the same. The multivariable ORs for an increment of 1SD for FT4 for anemia were 0.54 (0.36-0.81) for non-drinkers and 1.19 (0.74-1.91) for drinkers.
We also investigated the effect on anemia of the interaction between FT4 levels and drinking status (non-drinker or drinker). We found significant interaction between FT4 levels and drinking status and the multivariable-adjusted p for the effect of this interaction on anemia was 0.001. jects, GFR and TSH were inversely associated with FT4 levels and after stratification by drinking status, a significant inverse association was observed among drinkers even though GFR showed no significant association with FT4 levels for non-drinkers.
The effects of drinking for each parameter were also examined ( Table 2) . Compared with non-drinkers, prevalence of antihypertensive medication use, HDLcholesterol and γ-GTP were significantly higher while LDL-cholesterol and TSH were significantly lower for drinkers.
As shown in Table 3 , no significant associations were observed for total subjects between TSH and classical cardiovascular risk factors on the one hand and FT4 and anemia on the other.
We first investigated the effect of drinking status on hemoglobin values. Compared to non-drinkers, drinkers showed significant higher hemoglobin levels. The ageadjusted hemoglobin levels for non-drinkers and drinkers were 14.4 g/dL and 14.6 g/dL, respectively (p=0.047). pressure, antihypertensive medication use, diabetes mellitus, body mass index, smoking, alcohol intake, serum triglyceride (TG), serum HDL-cholesterol, serum aspartate aminotransferase (AST), serum γ-glutamyltranspeptidase (γ-GTP), and estimated glomerular filtration rate (GFR). Model.3: adjusted further for Model.2, thyroid stimulating hormone. Free T4 tertiles: low, <1.15 ng/dL; medium, 1.15-1.28 ng/dL; high, >1.28 ng/dL. FT4 levels and GFR for drinkers but not for non-drinkers, male drinkers in the highest tertiles of FT4 may be at higher risk of renal dysfunction related anemia than those in the lowest tertiles of FT4. On the other hand, compared with light drinkers, moderate to heavy drinkers are reportedly at higher risk of albuminuria but at lower risk of GFR<60mL/min/1.73m 2 [20] . While in our study no significant associations for GFR levels were observed between non-drinkers and drinkers, another study reported an inverse association between frequency of alcohol consumption and chronic renal disease in apparently healthy men [21] . The association between prevalence of heavy drinking and FT4 in our study was inversely but did not reach significance: 59.5% for low FT4, 60.5% for intermediate FT4, and 49.6% for high FT4 (p=0.1328). Further investigations will be needed with larger numbers of male drinkers, which will make it possible to analyze associations for subjects stratified by alcohol consumption levels in order to clarify the mechanisms involved.
Certain potential limitations of this study warrant consideration. While no significant differences in FT4 values between non-drinkers and drinkers were observed in our study, 1.22 ng/dL for non-drinkers and 1.23 ng/dL for drinkers (p=0.417), a French study with 599 males (aged 45-60) without known thyroid disorders reported that alcohol intake was associated with low FT4 levels in male drinkers, [7] and another study found that prevalence of former drinkers was high among Japanese men [22] . Since we did not have access to data for former drinkers, we classified former drinkers as non-drinkers, which may have also confounded the association between FT4 and anemia among non-drinkers. However a significant association between FT4 and anemia was observed among non-drinker. Even though iodine intake is an important risk factor for primary hypothyroidism, we did not have access to data for iodine intake. However, we identified significant associations among non-drinkers even after further adjustment for TSH, which could mean that not only primary but also secondary hypothyroidism constitutes a risk for anemia. We could not establish any causal relationships because this was a cross-sectional study.
In conclusion, an inversely association between FT4 and anemia was identified for non-drinking but not for drinking men. However, drinking may act as a confounding factor for this association.
Discussion
The major finding of our study was that FT4 was inversely associated with anemia for non-drinking but not for drinking men. However, drinking may act as a confounding factor for this association.
A previous Iranian study of 14 men with hypothyroidism found that 11 of them (78.5%) were anemic [2] . In our study, however, no significant associations between FT4 and anemia were noted for total subjects, but when the analysis was limited to non-drinkers, a significant inverse association was observed. Furthermore, those associations were independent from classical cardiovascular risk factors and TSH.
The mechanisms of the association of reduced FT4 with risk of anemia have not yet been fully elucidated. It has been shown that, in the presence of hypocoagulopathy, hypothyroidism is associated with increased risk of bleeding. A previous study showed that hematologic parameters including hemoglobin significantly improved in participants with a major response to levothyroxine in comparison with those who showed a poor response [15] . Thyroid hormones are involved in hemoglobin synthesis in adults and maturation of hemoglobin in fetuses [16, 17] , so that hypothyroidism, by affecting the hematopoietic process through slowing oxygen metabolism, results in anemia [18] . Those studies indicate that a reduction in thyroid hormone itself is a crucial risk factor for anemia, so that it is not so important whether the hypothyroidism is primary or secondary. Therefore, the associations observed in our study between FT4 and anemia remained the same even after further adjustment for TSH.
Autoimmune reactions, rather than non-autoimmune, are the most common causes of hypothyroidism and it has been shown that the increased frequency of chronic anemia in participants with autoimmune thyroid disease can be caused by concurrent autoimmune gastrointestinal diseases [19] .
In our study, the reason why the association between FT4 and anemia was limited to non-drinkers has not yet been elucidated. We found that drinkers showed higher hemoglobin values than non-drinkers, which was compatible with the finding of previous studies [8, 9] . Since the prevalence of drinkers among Japanese men is high [10] , the risk of anemia may be confounded by drinking status. Moreover, the highest tertiles of FT4 for drinkers in our study showed a higher risk of anemia. Since we detected a significant inverse association between
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